Summary. Blood was drawn from 74 children, 3-16 years old, at diagnosis of Type I (insulin-dependent) diabetes and before the first insulin injection. Insulin autoantibodies were detected with a polyethylen-glycol-method in 27/74 (36.4%) and with an immuno-electrophoretic method in 6/74 (8.1%). Islet cell cytoplasmic antibodies detected by indirect immuno-fluorescence were found in 49/74 patients (66.2%), who included as many as 23 of the 27 patients with insulin autoantibodies determined with the polyethylen-glycolmethod (p<0.01). The proportion of insulin autoantibodypositive patients who developed insulin antibodies during the first 9 months of insulin treatment was not significantly greater (51.8%) than that of insulin autoantibody-negative patients (44.6%), but patients with both islet cell antibodies and insulin autoantibodies at diagnosis produced more insulin antibodies during the first 9 months (p< 0.05). There was no difference in fasting or meal stimulated serum Cpeptide after 3, 9 or 18 months as related to occurrence of insulin autoantibodies and/or islet cell antibodies. The correlation between insulin autoantibodies and islet cell antibodies indicates that both types of autoantibodies reflect the same immunological process, although the lack of correlation to C-peptide may indicate that they play a minor causal role. In addition, the results show that patients with an active autoimmune process evidently tend to produce more insulin antibodies during the first months of insulin treatment, but the islet cell antibodies and insulin autoantibodies-positive patients had at least as good residual B-cell function as patients without autoantibodies at diagnosis. If insulin antibodies produced as a response to exogenous insulin do have a negative effect on B-cell function our present results suggest that such mechanisms are of minor importance.
Several types of autoantibodies reactive with pancreatic islet cells can be found in serum of newly-diagnosed diabetic patients [1] . In other autoimmune diseases of endocrine organs autoantibodies against not only the hormone-producing cells, but also against the produced hormone are often found [2] , but in diabetes mellitus autoantibodies against insulin have not been demonstrated until recently [3, 4] . The role of these autoantibodies is even more unclear than that of islet cell autoantibodies, as some authors have found no relation to other autoantibodies or HLA-types [4] [5] [6] [7] ; these autoantibodies also have been found even more commonly in non-diabetic twins of diabetic patients than in diabetic patients themselves [4] . Insulin autoantibodies have also been found in as many as 81% of patients after chickenpox infection, indicating that viral infections may trigger the production of insulin autoantibodies (IAA) by a mechanism involving polyclonal immunocyte activation [8] . However, insulin autoantibodies in the pre-diabetic period have in other studies been correlated both to insulin-receptor antibodies [9] and to islet cell antibodies [10, 11] . It has even been suggested that insulin autoantibodies together with complement fixing islet cell antibodies (CF-ICA) confer more risk for future development of diabetes than the presence of either marker alone [10, 11] and we therefore decided to analyse whether newly-diagnosed diabetic patients with islet cell antibodies and insulin autoantibodies lose their B-cell function more rapidly than patients without such autoantibodies.
Insulin antibodies in response to exogenous insulin is a common phenomenon, Their clinical importance is unclear but studies have indicated that insulin antibodies have a negative effect on the metabolic balance and on the duration of the metabolically stable period early after diagnosis, the so-called partial remission [12] [13] [14] . It has been shown that even very low concentrations of insulin antibodies are related to a diminished residual insulin secretion and an increased requirement of insulin at 9 months duration of diabetes [15] . Although the injection of insulin antibodies are able to cause glucose intolerance and even diabetes in experimental animals [16] [17] [18] [19] the inverse correlation between low levels of insulin antibodies and C-peptide secretion remains obscure. One explanation could be that those patients who develop insulin antibodies against exogenous insulin and lose residual insulin secretion are simply those patients who already at diagnosis have insulin autoantibodies as part of an ongoing destructive autoimmune process. Another explanation could be that immune recognition of insulin as an autoantigen could prime the individual to produce antibodies to exogenous insulin. One purpose of this study was to further clarify this question.
Subjects and methods
In the years 1980-84 we studied 74 children, 39 boys and 35 girls, aged 3-16 years (mean 9.1 _+ SD 3.9) at the diagnosis of Type I (insulin-dependent) diabetes. All patients were treated with a combination of short-and intermediate-acting insulin 2-4 times daily. Most received monocomponent porcine insulin but some of them received semisynthetic human insulin (Novo) when these insulins appeared on the market. All patients except 4, went into a period with stable metabolism with normal or near normal glycosylated haemoglobin and/or no or minimal glucosuria in daily tests of single-voided urine. Later, usually within a year, the insulin requirement increased and the metabolism became gradually less stable. Blood was drawn before the first insulin injection and then at 3, 9 and 18 months duration. Serum was stored at -20~
The serum was analysed for insulin antibodies with Christiansen's method (detection limit 0.05 p/l) [20] and with a competitive binding assay using monoiodinated insulin as marker and polyethylen-glycol (PEG) as precipitating agent. Insulin antibodies were only considered present if precipitated radioactivity exceeded non-specific binding and if this radioactivity bound could be suppressed significantly by addition of 25 ~t/1 of unlabelled insulin [21] . The method has been part of the Immunology and Diabetes Workshops programme. The four possible iodinations of insulin (AI4, A19, B16 and B26) were used in all antibody positive samples to find out whether the affinity differed, but this was not the case. Variance in specificity of binding was tested by adding 25 U/I of porcine, human, and bovine insulin to different tubes. As there is no method that discriminates between IAA and insulin antibodies (IA), we regard everything determined after initiation of insulin therapy as IA (although we will sometimes call them PEG-IA to underline the method used for determination). Fasting serum Cpeptide and the maximal response to a standardised breakfast was determined at 3, 9, and 18 months after diagnosis by the method of Heding [22] in 58 patients. Sixteen patients, most of them referred from a neighbouring hospital, did not wish to participate in this follow-up.
Islet cell cytoplasmatic antibodies (ICA) were determined by indirect immunofluorescence on cryostat sections of one blood group 0 human pancreatic specimen, as described in detail elsewhere [23] . All serum samples were read blind and independently by two readers. The inter-reader coefficient of variation was 7%. In case of reader disagreement the serum sample was re-tested in an independent assay until agreement was obtained. Every assay contained positive and negative control sera at different dilutions, which were also read blind. The specificity of the pancreatic specimen used (i. e. the number of times the negative control serum was read negative, as the percentage of the number of times the sample was read) was 100% based on 244 readings. The sensitivity of the specimen (i.e. the number of times as positive diabetic control serum diluted 1:3 or 1:27 was read as positive as a percentage of the number of times the sample was read in these dilutions) was 96% based on 264 determinations on the actual pancreas. We have actively participated in the Juvenile Diabetes Foundation (JDF) International Workshops on the Standardisation of ICA [24] and were classified as an "A-laboratory" at the third workshop held November 1987 in New York, USA. Blind testing of the JDF positive ICA standard serum diluted in PBS resulted in a linear dilution curve, with a cut-off point of 5 JDF U/ml. When testing a number of coded test sera in duplicate assay sensitivity and specificity was found to be 64% and 98% respectively. Assay precision expressed as the variance of double determinations of positive sera was 0.64. When plotting our titres for these coded sera against the assigned values the regression coefficient was 0.95. The possibility that binding of IAA to cytoplasmic insulin in B cells should result in a staining pattern read as a false positive reaction for ICA can be excluded. First, several sera were identified which were IAA positive but ICA negative (see Results). Second, B-cell selective binding in the serum samples was examined by a two-colour immuno-fluorescence technique with double staining of the pancreatic sections with a specific monoclonal antibody against human proinsulin, which does not cross-react with human insulin [25] . The following sera were compared in a blinded fashion: IAA positive/ICA positive, IAA negative/ICA positive; IAA positive/ICA negative, and IAA negative/ICA negative sera from newly diagnosed Type 1 patients not treated with exogeneous insulin.
Proinsulin, as well as non-proinsulin staining islet cells in sections incubated with IAA negative/ICA negative, or IAA positive/ICA negative sera from patients with insulin dependent diabetes were consistently read as negative for ICA. IAA positive/ICA positive sera stained not only proinsulin-containing islet cells, but also all other islet cells, and did not show a different staining pattern of the islets as compared to IAA negative/ICA positive sera.
Finally, preabsorbtion of recent onset insulin-dependent diabetes sera with excess human insulin did not influence the end-point titres of ICA [26] .
Statistical analysis
Chi2-test and Wilcoxon Rank Sum Test were used in the comparison between groups. When following changes with time within a certain group Wilcoxon's Test for paired differences was used. A p-value of 0.05 (two-tailed) was accepted as level of significance. 
18 Duration (months) Fig. 2 . Serum C-peptide during the first 18 months of diabetes in relation to insulin autoantibodies (IAA) at diagnosis. (~7---9 = fasting C-peptide (mean_+SD) in patients IAA-negative at diagnosis; = fasting C-peptide in IAA-positive patients; l~-----6=maximal C-peptide (mean_+SD) response to a standardised breakfast in IAA-negative patients; i~b=maximal Cpeptide response in IAA-positive patients
Results
At diagnosis IAA were found in 27/74 (36.4%) patients with the PEG-method but only in 4 of these 27, plus in another 2 with Christiansen's method 6/74 (8.1%). IAA determined with the PEG-method were found in 15/34girls (44%) and in 12/40boys (30%) (NS). The mean age at diagnosis was 8.5 (median 9) years for those with and 9.9 (median 9) years in those without IAA (NS) ICA were found in 49/74 patients at diagnosis (66.2%) including 23/27patients with IAA demonstrated with the PEG-method (p< 0.01).
Among the 27 IAA-positive 14 (51.8%) developed IA detectable with Christiansen's method within the first 9 months of diabetes compared to 21/47 (44.6%) of those who were PEG-IAA-negative at diagnosis (Fig.l) . Only 8/25 (32%) of ICA-negative patients produced IA within the same period compared to 26/49 (53.1%) of the ICA-positive patients (p<0A0). 14/23 (60.9%) patients with both positive ICA and positive IAA at diagnosis developed IA but only 6/21 (28.6%) of the ICA-IAA-negative patients (p<0.05). Serum samples were available to determine IA with the PEG-method at both 3 and 9 months duration in 40 patients and in 33 also at 18 months duration. PEG-IA were found in 39/40 patients already after 3 months. In those both ICA-positive and IAA-positive already at diagnosis the values increased to 3 months duration (p<0.01) (Table1). In this group which had the same mean age (8.5 years) as other patients, 9/14 also had measurable IA with Christiansen's method compared to 0/15 after 3 months duration in the patients with neither ICA nor IAA at diagnosis (p< 0.001).
There was no difference in serum C-peptide at diagnosis, either between patients with or without IAA or between patients with and without ICA. During a follow-up period of 18 months there was still no difference in fasting serum C-peptide or in the maximal response to a standardised breakfast (Fig. 2 and Fig. 3 ). When we divided the patients into those who had both detectable ICA and IAA at diagnosis and compared their C-peptide values with those patients who had no detectable autoantibodies at diagnosis, we saw no difference (Fig.4) .
Discussion
Our results confirm that newly-diagnosed diabetic children irrespective of age quite frequently exhibit autoantibodies against insulin [3, 4, 27] . This is found with the very sensitive PEG-method while only a few patients with insulin antibodies before any treatment could be found with Christiansen's method. In contrast to others [4, 5, 27, 28] we have found a significant correlation between ICA and IAA. Thus, it is likely that IAA are produced as part of the activation of the humoral immune system against B-cell antigens leading to the production of other autoantibodies found in newly diagnosed Type 1 diabetic patients. However, since patients with IAA at diagnosis had the same Cpeptide secretion at 3, 9 as well as at 18 months as those without IAA, these autoantibodies do not seem to play a very active causal role in B-cell destruction [27] . This is in agreement with the common findings of IAA in healthy twins of diabetic patients [4, 29] , and with studies of humoral autoimmunity related to remission induced with immunosuppressive agents [30] . Previous studies of the relation between humoral autoimmunity and B-cell function [31] have shown that ICA may be markers of a more rapid decrease in Cpeptide secretion when followed prospectively from diagnosis up to 30 months of diabetes duration; but in the present follow-up of diabetic children for 18 months this cannot be confirmed. On the contrary, ICA-positive patients tend to have a slightly better insulin secretion at 9 months duration in agreement with the findings of Mustonen et al. [32] . One explanation of this could be that patients with a residual B-cell mass also have antigen to stimulate the production of islet cell antibodies, whilst among patients without a residual B-cell mass some patients lack ICA because most B cells have disappeared. Others have suggested that the combination of positive islet cell antibodies with positive insulin autoantibodies might be a better marker of the B-cell destructive process [11] . However, we were unable to demonstrate a more rapid loss of Bcell function in patients with both these autoantibodies at diagnosis. As we have used a standardised breakfast as load we have avoided the errors related to actual metabolic control seen when a glucagon test is used; therefore, our evaluation of B-cell function should be reasonably reliable.
The present study also shows that with a sensitive method every diabetic child can be shown to form insulin antibodies already within 3 months treatment with exogenous insulin. This antibody production seems to be more common and more pronounced among patients with autoantibodies especially if they have both ICA and IAA, which has not been shown before. A majority of this group of patients have insulin antibodies measurable even with Christiansen's method already after 3 months duration. Thus, early production of insulin antibodies seems at least to some extent to be part of an ongoing autoimmune process [33] . This finding; would have been a plausible explanation for the inverse correlation shown between insulin antibodies and residual B-cell function [15] if these autoantibody-positive patients also had lost their Bcell function more rapidly than other patients, but that was not the case in the present study. However, it is of course still possible that such patients with an active autoimmune process not only produce insulin antibodies easier, but also lose their residual insulin secretion more rapidly. Not only an ongoing autoimmune process, but also, the immunogenicity of exogenous insulin certainly plays an important role in insulin antibody production. This is confirmed by our results showing a rapid increase in insulin antibodies in all patients within a few months of treatment with exogenous insulin. It cannot be excluded that insulin antibodies produced as a response to exogenous insulin might add to an ongoing immune destruction of the B cells. However, although insulin antibodies may stress the B cells [34, 35] and could make the B cells more susceptible to noxious agents, our results suggest that such mechanisms are of minor importance.
